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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the constituent member of a chamber for 
manufacturing a semiconductor of superior plasma resistance and thermal conductivity. 
SOLUTION: This constituent member of a chamber is made of ceramics having 20 W/mK or 
over in heat conductivity where compounds containing crystalline rare earth elements are 
dispersed at a percentage of 10-60 volume % in the ceramic matrix, having at least one kind out 
of alumina and AIN for its main components. These compounds, containing the rare earth 
elements consist of an least one kind being selected from among a group of crystalline 
compounds between rare earth element-alumina composite oxides or rare earth element oxides 
and the matrix components. Furthermore, it is desirable that the porosity of the ceramics be 
0.2% or lower, and that the ceramic matrix should have thermal conductivity of 30 W/mK or 
higher in single bodies. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A chamber configuration member for semiconductor manufacture characterized by a rare-earth-elements content 
compound of a crystalline substance consisting of ceramics of 20 or more W/mK of heat conductivity which it comes to distribute by 
ratio of 10 - 60 volume % into an alumina and a ceramic matrix which uses at least one sort in AIN as a principal component. 
[Claim 2] A chamber configuration member for semiconductor manufacture according to claim 1 characterized by said rare-earth- 
elements content compound consisting of at least one sort chosen from a group of a crystalline substance compound of a rare- 
earth-elements-alumina multiple oxide, a rare-earth-elements oxide, and said matrix component. 

[Claim 3] A chamber configuration member for semiconductor manufacture according to claim 1 or 2 characterized by porosity of 
said ceramics being 0.2% or less. 

[Claim 4] A chamber configuration member for semiconductor manufacture according to claim 1 to 3 characterized by said ceramic 
matrix having heat conductivity of 30 or more W/mK alone. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the chamber configuration members for manufacture 
including semiconductors, such as the wall material of the equipment used at the spatter process put to the CVD process and the 
dry etching process of using a fluorine system and chlorine-based corrosive gas, or a fluorine system and the chlorine-based 
plasma or the ashing process which removes a resist using the oxygen plasma, or an ion bombardment, a microwave installation 
aperture, the shower head, a focal ring, a clamp ring, and the shield ring, among the manufacture process of a semiconductor 
device and a liquid crystal device. 
[0002] 

[Description of the Prior Art] Utilization of plasma, such as a dry process, plasma jet flame coating, etc. which are used for high 
integrated-circuit formation of a semiconductor device etc., is progressing quickly in recent years. As a plasma process in a 
semiconductor, halogen system corrosion gas, such as a fluorine system, is used for vapor growth, etching, or cleaning from the 
reactant height. 

[0003] Corrosion resistance with the high member in contact with these corrosive gas is required. Corrosion-resistant metals, such 
as a material with which the member which contacts these plasma other than a processing object conventionally generally uses 
SiO(s)2, such as glass and a quartz, as a principal component, and stainless steel, Monel, are used abundantly. 
[0004] Moreover, it is used noting that what carried out surface coating of an alumina sintered compact, sapphire, an AIN sintered 
compact, a SiC sintered compact, or these with the CVD method etc. by making a wafer into the susceptor material which carries 
out support immobilization at the time of semiconductor manufacture is excellent in corrosion resistance (refer to JP,5-53872,B, 
JP,3-217016,A, and JP.8-91932.A). Moreover, the heater which coated graphite and boron nitride is used. 
[0005] 

[Problem(s) to be Solved by the Invention] however, if the member of the corrosion resistance in the plasma which used corrosion- 
resistant metals used from the former, such as quartz glass and stainless steel, is inadequate, and consumption is intense and 
touches a fluorine system and the chlorine-based plasma especially, the contact surface will etch -- having - a front face - 
description changed, and in the quartz member for which light transmission nature is needed, a front face is white gradually and the 
overcast had produced the problem of translucency falling. Moreover, since the corrosion resistance of the member which used 
corrosion-resistant metals, such as stainless steel, is inadequate, especially in semiconductor manufacture, it becomes the cause 
of defective generating by corrosion. 

[0006] In order to solve the above-mentioned problem, what covered ceramic films, such as silicon carbide, on an alumina sintered 
compact, an alumimium nitride sintered compact or carbon, or a silicon carbide sintered compact front face is proposed. However, 
although these materials are excellent in the corrosion resistance over halogen system corrosive gas as compared with the above- 
mentioned quartz glass or a corrosion-resistant metal, if the plasma is touched too, corrosion will advance gradually, from the front 
face and the grain boundary of a ceramic sintered compact, a halogenide evaporates and they are exhausted. 
[0007] This is because the melting point of the compound of the aluminum component or silicon component generated in the 
plasma, and halogen system gas is low. For this reason, a corrosion resistance high material was desired further. 
[0008] Moreover, in the dry etching process, not only the above-mentioned corrosion resistance but generating of particle poses a 
problem. This is for the generated particle to generate an open circuit, a short circuit, etc. of metal wiring on a semiconductor 
device, and to cause deterioration of a device property. 

[0009] This particle is generated by members, such as wall material which constitutes the inside of a chamber, and a clamp ring, 
and resists being corroded by halogen system corrosive gas and the plasma. That is, about deposition, it becomes the chamber 
wall which the compound which evaporated by corrosion consisted of especially with the high corrosion-resisting material with 
particle because a repeat and this fall. 

[0010] For this reason, a chamber outer wall is heated using a lamp etc. and making a halogenide evaporate and exhaust is 
performed in order to prevent this halogenide that evaporated accumulating on a chamber wall as an affix. As for the components 
used in a chamber, for this reason, not only corrosion resistance but high temperature conductivity is demanded. 
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- [001 1] On the other hand, this invention persons have the highly stable melting point, even if a rare-earth-elements content 

compound reacts with halogen system corrosive gas or its plasma and generates a halogenide as a material which possesses high 
corrosion resistance to halogen system corrosive gas, and its plasma and ion bombardment, and they have proposed excelling in 
corrosion resistance as a header and a member for plasma processes of semiconductor manufacture. (Refer to JP.10-45467.A and 
JP.1 0-236871 ,A) However, even if they performed heating from the exterior since rare-earth-elements content compounds, such as 
Y203 considered to be practical as these compounds, especially a ceramic material and YAG, had the heat conductivity as low as 
10 or less W/mK, and they were affix deposition prevention of a chamber wall, the quantity of heat was not distributed over 
homogeneity, but only the local affix deposition prevention effect was acquired. 

[0012] Moreover, although aiming at improvement in corrosion resistance and soak nature by forming the thin film which consists of 
a rare-earth-elements content compound in high temperature conductivity base material front faces, such as the conventional AIN, 
was also proposed, the nonconformity of a thin film exfoliating at the time of heating had arisen by the differential thermal 
expansion of a base material and a thin film. 

[0013] Therefore, this invention aims at offering the chamber configuration member for semiconductor manufacture which has 
sufficient thermal conductivity to prevent affix deposition over the whole member by heat tracing while it possesses high corrosion 
resistance to halogen system corrosive gas, and its plasma and ion bombardment. 
[0014] 

[Means for Solving the Problem] this invention persons possess corrosion resistance over halogen system corrosive gas, and its 
plasma and ion bombardment. A result of having repeated examination about a member which also has sufficient thermal 
conductivity to prevent affix deposition over the whole member by heat tracing, In an alumina and a ceramic matrix which uses at 
least one sort in AIN as a principal component A rare-earth-elements content compound, especially a rare-earth-elements-alumina 
multiple oxide of a crystalline substance, By using ceramics which made at least one sort chosen from a crystalline substance 
compound of a rare-earth-elements oxide and said matrix component distribute by ratio of 10 - 60 volume % While high corrosion 
resistance is shown, it has thermal conductivity of 20 or more W/mK, and it found out that a member which can prevent affix 
deposition effectively by heat-treatment was realizable. 

[0015] Furthermore, since corrosion resistance improves so that porosity of said ceramics is small, as for porosity, stopping to 0.2% 
or less is desirable. 

[0016] Moreover, it is effective in thermally conductive maintenance of a ceramic material that said ceramic matrix has high 

temperature conductivity of 30 or more W/mK alone. 

[0017] 

[Embodiment of the Invention] The schematic diagram inside the chamber for semiconductor manufacture is shown in drawin g 1 . 1 
- a chamber wall - 2 - the shower head - 3 - a clamp ring - in 4, 5 shows a wafer and 6 shows a high frequency coil for a lower 
electrode. In addition, there are a parallel plate mold RIE system, ECR equipment using microwave, etc. 

[0018] as the halogen system corrosive gas used for such equipment -- fluorine system gas, such as SF6, CF4 and CHF3, CIF3, 
NF3, C four F8, and HF, CI2. HCI, BCI3, and CCI4 etc. - there is bromine system gas of chlorine-based gas or Br2, HBr, and BBr3 
grade etc. Moreover, in clearance of the organic substance, such as a resist, it is 02. Ashing (ashing) which burns the organic 
substance is performed by introducing gas. And these gas will be plasma-ized when microwave and a RF are introduced under the 
ambient atmosphere for which these halogen system corrosive gas, oxygen, etc. are used. 

[0019] Moreover, in order to heighten the etching effect more, with halogen system corrosive gas, inert gas, such as Ar, is 
introduced and the plasma may be generated. The ratio of the ion bombardment over etching is increasing especially by utilization 
of the high density plasma. 

[0020] The chamber configuration member for semiconductor manufacture of this invention is a member put to halogen system 
corrosive gas including components like 1-4 shown in drawin g 1 or the plasma of those, and an ion bombardment, and 
components, such as a microwave aperture, are raised in a focal ring, the shield ring, an adhesion-proof board, and the equipment 
made to generate the plasma by microwave to others. 

[0021] This invention the chamber configuration member for semiconductor manufacture put to these halogen system corrosive 
gas, or the plasma and ion bombardments of those It forms by distributing the rare-earth-elements content compound of the 
crystalline substance of 10 - 60 volume % into an alumina and the high temperature conduction ceramic matrix which uses at least 
one sort in AIN as a principal component. It considers as the ceramic sintered compact which distributed the crystalline substance 
compound of a rare-earth-elements-alumina multiple oxide, a rare-earth-elements oxide, and said matrix component especially as 
a rare-earth-elements content compound of a crystalline substance. 

[0022] Let at least one sort in the alumina in which high corrosion resistance and high temperature conductivity are shown 
comparatively, and AIN be a principal component as a ceramic matrix. When the corrosion resistance of a ceramic matrix is low, 
since consumption of itself is intense, the affix used as the basis of particle will come to accumulate, and it will not be necessary to 
aim at affix prevention with heating. Moreover, as for the thermal conductivity of a ceramic matrix, it is desirable that they are 30 or 
more W/mK. 

[0023] However, an alumina and AIN are AIF3 and AICI3, when corrosive gas or the plasma is contacted. It generates. Each 
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melting point is AIF3. : 1040 degrees C, AICI3 : Although it is 178 degrees C, it is especially AIF3. AIF3 which had sublimability, and 
generation and adhesion on sublimation and the member front face of a reactant were remarkable, and generated on the front face 
Clearance is dramatically difficult. If heat tracing is performed to this for affix deposition prevention, a reaction and sublimation with 
halogen gas will advance, and consumption of a member will become intense. 

[0024] On the other hand, a rare-earth-elements content compound reacts with corrosive gas or the plasma, and forms a high- 
melting stable compound (YF3:1152 degree C, YCI3:680 degree C). Therefore, if the rare-earth-elements content compound more 
than a constant rate is distributed in the above ceramic matrices, the ceramic matrix which has high temperature conduction with 
this stable compound will be protected. Even if reactants, such as a resist deposited on the front face, evaporate by heat tracing, 
since the above-mentioned rare-earth-elements content compound, corrosive gas, or the compound by the reaction of the plasma 
is stable, it does not evaporate and deteriorate in high-melting. 

[0025] Moreover, even if corrosion advances, since the rare-earth-elements content compound of a crystalline substance is 
distributing to homogeneity in a matrix, there will not be exfoliation of a thin film like before and corrosion resistance lowering by 
disappearance. 

[0026] With furthermore constituting a rare-earth-elements content compound by at least one sort chosen from the group of the 
crystalline substance compound of a rare-earth-elements-alumina multiple oxide, a rare-earth-elements oxide, and said matrix 
component, adhesion with a matrix is raised, a rare-earth-elements content compound distributes to homogeneity in a ceramic 
sintered compact, and it is effective in raising the thermal conductivity of a ceramic matrix depending on maintenance and the case. 

[0027] Especially as a rare-earth-elements content compound, at least one sort chosen from the group of rare-earth-elements- 
alumina multiple oxides (a garnet mold, a perovskite mold, melilite mold, etc.) and a rare-earth-elements-aluminum compound acid 
nitride is good. 

[0028] Although adding in said matrix component by using a rare-earth-elements content compound as sintering acid, and making 
a grain boundary phase form is generally performed, in the addition as conventional sintering acid, to the plasma and the matrix 
phase which reacts and evaporates, it is only that a grain boundary is dotted with a rare-earth-elements content compound, and a 
satisfactory effect is not acquired about corrosion-resistant improvement. 

[0029] It is possible to raise corrosion resistance greatly, the contents of a crystalline substance rare-earth-elements content 
compound being ten to 60 volume %, and considering as 20 to 60 volume %, and further 30 to 60 volume % especially, and 
holding the high temperature conductivity of 20 or more W/mK from this viewpoint. 

[0030] That is, when the content of the rare-earth-elements content compound of a crystalline substance is under 10 volume %, this 
compound exists mainly as a grain boundary phase of a matrix, when corrosive gas or the plasma is contacted, it does not come to 
form a protective coat and the corrosion-resistant improvement effect cannot be expected. Furthermore, only scattering or the rare- 
earth-elements content compound which carries out localization may remain and particle-ize to corrosion progress of a matrix. 
[0031] Moreover, although the thermal conductivity of the rare-earth-elements content compound itself is generally 10 W/mK 
degree, and corrosion resistance improves substantially since a rare-earth-elements content compound has a continuity in a 
ceramic matrix when the content exceeds 60 volume %, the whole thermal conductivity does not fall, it does not become 20 or 
more W/mK, and effective affix deposition prevention by heating cannot be desired. 

[0032] When it reconciles corrosion-resistant improvement and 20 or more W/mK of thermal conductivity, as for the content of a 
rare-earth-elements content compound, it is specifically desirable to change according to the class of the ceramics which forms a 
matrix, and rare earth elements. For example, when it is rare earth elements with a small ionic radius and is rare earth elements 
with a little large ****** and an ionic radius, it is desirable to make it many eyes a little. 

[0033] For example, in order that a rare-earth-elements content compound may tend to take the garnet structure where thermal 
conductivity is comparatively high, about an element with small ionic radii, such as Y, Er, and Yb, especially when a ceramic matrix 
is used as an alumina, it is desirable that they are 25 to 55 volume % and further 35 to 50 volume %. Especially when referred to as 
AIN, it is desirable that they are 30 to 60 volume % and further 40 to 55 volume %. 

[0034] Especially when a rare-earth-elements content compound tends to take a perovskite structure with the comparatively low 
heat conductivity when rare earth elements are set to La, Ce, and Nd with a large ionic radius, and a ceramic matrix is used as an 
alumina, it is desirable that they are 25 to 50 volume % and further 35 to 40 volume %. Especially when referred to as AIN, it is 
desirable that they are 30 to 55 volume % and further 35 to 45 volume %. 

[0035] The rare-earth-elements content compound currently furthermore distributed in the ceramics needs to be a crystalline 
substance. The thermal conductivity of the matter is to scatter about phonons by the defective part and for thermal conductivity to 
fall, when it is mainly dependent on propagation of a phonon and crystallinity falls. 

[0036] Moreover, the porosity of the ceramics is able to aim at much more corrosion-resistant improvement by considering 
especially as 0.1% or less of precise object 0.2% or less. That is, if pore exists, in order that it may produce abnormality discharge 
in the edge portion of pore or corrosion gas may pile up in the interior of the pore exposed to the front face, when it is easy to 
receive corrosion near pore and porosity exceeds 0.2%, it is because progress of corrosion becomes is easy to be accelerated. 
[0037] In addition, about the crystal phase in a ceramic sintered compact, it is an X diffraction, and by carrying out X diffraction 
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measurement of the mixture system of a ceramic matrix and a rare-earth-elements content compound crystal about the content of a 
rare-earth-elements content compound, and creating a calibration curve, if attached to porosity, it can ask by the Archimedes 
method, respectively. 

[0038] By applying the sintered compact which consists of this inventions to the portion put to halogen system corrosive gas as 
shown in drawin g 1 , its plasma, and an ion spatter, while the outstanding corrosion resistance is shown, heat is distributed over the 
whole member with heating at homogeneity, and it has an effect in sludge deposition prevention. 

[0039] Such a chamber configuration member for semiconductor manufacture can be manufactured, for example by the following 
methods. 

[0040] In the ceramic raw material which forms a ceramic matrix, one or more sorts of rare-earth-elements oxides of the specified 
quantity are added, and it mixes in it. At this time, a rare-earth-elements oxide and an alumina may be added, or rare-earth- 
elements oxides, such as YAG and YAM, and the multiple oxide of an alumina may be added. 

[0041] When a ceramic matrix is an alumina, specifically, organic solvents, such as pure water or alcohol, are used as a solvent. 
Paraffin wax, PVA, etc. are added as a binder if needed. It corns, the mixed raw material is fabricated, and raw processing and 
debinder processing are performed if needed. The Plastic solid which made such and was produced is usually calcinated at 1400- 
1800 degrees C among a non-oxidizing atmosphere among air depending on the property of the added rare earth element. 
[0042] In AIN, organic solvents, such as alcohol and toluene, are used as a solvent. A binder is added if needed like the case of an 
alumina, and it corns, and the mixed raw material is fabricated, and is processed. When a debinder is required, it is desirable to 
process in a vacuum or nitrogen-gas-atmosphere mind. The Plastic solid is calcinated at 1500-1900 degrees C among nitrogen- 
gas-atmosphere mind. Moreover, when calcinating above 1800 degrees C, in order to prevent decomposition of AIN, it is desirable 
to calcinate in an application-of-pressure ambient atmosphere. 

[0043] A predetermined configuration may be processed after carrying out application-of-pressure baking of fine particles or the 
Plastic solid. Moreover, decomposition components can be produced first and a member can also be formed by pasting up and 
joining them by the existing method. Furthermore, a hot isostatic press can be given to the ceramic member obtained in this way, 
and reduction of porosity and eburnation can also be attained. 
[0044] 

[Example] The alumina raw material of 99.9% of purity is used, and they are Y2 03 of 99.9% of purity, Yb 203, and Ce02. 
Specified quantity addition was carried out. AIN uses the raw material of 99.9% of purity, and 0.2% of oxygen contents, and, 
similarly is Y2 03 of 99.9% of purity, Yb 203, and Ce02. In addition to the specified quantity, aluminum 203 (99.9% of purity) 
required to form a crystal phase was added. Moreover, Si02 The amorphous raw material of 99.99% of purity was used, and Y2 
03 of the specified quantity, Yb 203, and Ce02 (and aluminum 203 required to form a rare-earth-element compound crystal 
phase) were added similarly. 

[0045] Paraffin wax was added as a binder to these raw material fine particles, and by using IPA as a solvent, pressing was carried 
out, after mixing and corning [ dried and ] with a ball mill. 

[0046] Degreasing the Plastic solid in a vacuum, in atmospheric air (Ce02 addition Plastic solid inside of nitrogen), an alumina is 
1500-1750 degrees C, and AIN is 1700-1800 degrees C and Si02 under nitrogen application of pressure. It calcinated at 1400- 
1500 degrees C among reducing atmosphere, and the ceramics of 1% or less of porosity was produced. 
[0047] The crystal phase in the ceramics was identified by powder X-ray diffractometry. Moreover, the content of the rare-earth- 
elements content compound crystal phase was calculated from the calibration curve created by carrying out X diffraction 
measurement of the mixture system of a ceramic matrix and a rare-earth-elements content compound crystal beforehand, the heat 
conductivity - a laser flash method - measuring - porosity - Archimedes - it computed from law. 

[0048] It evaluated about the rate of etching at the time of putting to the plasma of a fluorine system and a chlorine system about 
the rate of etching. As the assessment method, the test piece whose thickness is 1mm is produced on 20mm square about each 
ceramics, what carried out mirror plane processing of the front face is made into a sample, RIE (reactive ion etching) equipment is 
used, and, for a fluorine system, CF4 and a chlorine system are CI2. The plasma etching test was performed and the rate of 
etching was computed from the weight change before and behind a test. 

[0049] Each ceramics was processed into the disk with a diameter [ of 8 inches ], and a thickness of 2mm, the existence of particle 
carried out mirror polishing of one side, after it carried out plasma etching processing, it contacted 8 inches Si virgin wafer to the 
etching side, detected the irregularity of the contact surface of Si wafer by laser dispersion, and carried out counting of the particle 
number 0.3 micrometers or more with the particle counter. 

[0050] The parameter at the time of an etching test made 2 and etching time 5 hours quantity-of-gas-flow 100sccm, the etching 
pressure of 5Pa, and RF output of 1.0W/cm. 
[0051] 
[A table 1] 
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[0052] while each of sample No.2-7 which are the ceramic material of this invention, 9-12, 14-18, and 20-23 maintains the thermal 
conductivity of 20 or more W/mK from the result of a table 1 -- a fluorine system and chlorine-based - it had the high corrosion 
resistance of 5 or less nm/min also to which plasma. 

[0053] moreover, the case where porosity is 0.2% or less about sample No.3-6, or 15-17 - a fluorine system and chlorine-based - 
the high corrosion resistance of 3 or less nm/min was shown [ as opposed to / especially / any ]. 

[0054] sample No. with few contents of a rare-earth-elements content compound than the specified quantity - 1 and 13 cannot 
protect a ceramic matrix from the corrosive plasma, but corrosion is advancing, moreover - reverse - sample No. - if the content 
of a rare-earth-elements content compound exceeds 60 volume % like 8 and 19, the thermal conductivity of a ceramic matrix would 
be checked remarkably and the thermal conductivity of the ceramics will have fallen rather than 20 W/mK. 
[0055] Moreover, a ceramic matrix is corrosion resistance low Si02 in itself. Even if it adds a rare-earth -elements content 
compound in a case, the corrosion-resistant improvement effect is scarce, and it is Si02 further. Since the thermal conductivity of 
the very thing was smaller than 30 W/mK, the thermal conductivity of the produced rare-earth-elements content oxide distribution 
ceramics did not become larger than 20 W/mK. 
[0056] 

[Effect of the Invention] As explained in full detail above the chamber configuration member for semiconductor manufacture of this 
invention The member put to halogen system corrosive gas, or its plasma and ion bombardment by carrying out specified quantity 
distribution of the rare-earth-elements content compound of a crystalline substance into a high temperature conduction ceramic 
matrix The affix deposition prevention effect can be heightened by maintaining thermal conductivity with corrosion-resistant 
improvement more than constant value, and the corrosion resistance over the plasma can be raised by making porosity into 0.2% 
or less further. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is a schematic diagram inside the etching system which is the application of the chamber configuration member for 
semiconductor manufacture of this invention. 
[Description of Notations] 

1. Chamber Wall 

2. Shower Head 

3. Clamp Ring 

4. Lower Electrode 

5. Wafer 

6. High Frequency Coil 
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